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.. .TEEiTSOF A 1~-SCALE POWERED MODEL OF,T~ ‘ :

KAISER TAILLESS AIRPLANE IN THE “ “

IAN(3LEYFULL-SCALE TUNNEL

By G. W. Brewer and E. A. Rickey

Smmiim . .

A lfi-scale powehed “modelof’the.Kaiser tailless
airplane has been investigated in the @ngley full-scale
tu~el In order to determine Its general aerodynamic
characteristics and to estimate, from these results, the
probable stability-and control characteristics of the
airplane. The results of thb tests are presented in this
report. The estimated flying qualities of the Kaiser
tailless airplane, determined from the 1~-scale test
results, are to be presented in a separate report.

The maximum li’ftcoefficl.entwith the propellers
wlndmilling and c“ontirolqneutral was measured to be 1.07;
this value of C~&=. is ‘decreasedto-0.9E for the maximum
up-elevator deflection of 30°. The wing stalls first “
along the trailing edge and progresses forward along a .
constant chord line “envelop~ngthe outer panels before
the center seation Is materially affected. The profile
drag coefficient, with propellers rstioved,is estimated
to be 0.0130 with the model at approximately the zero-
lift attitude,

The pitching-mol;entresults indicate thut, for the
center-of-gravity location of 20 percent of the mean
aerodynamic chord, the model Is statically stable longi-
tudinally for all power conditions except for windmilling-
propeller operation at high ~les of attack.

. . —
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The yawing-mom&nt test results khow that the rudder

effeotlveness and direotlonal stability parameters are
lower for this tailless airplane than for most conven-
tional designs.

For aileron defleotf.onsabove 12° the “effectiveness
narameter is lower than that for the srmller deflections.
‘?hecombined effects of aileron and
angles of attack produce a serious
t!veness.

lI~T~.~~UC~~i~.

wing”stall at the high
loss In atloron effec-

.. .

An investi~atlon of a l/7-scale ~~oweredmodel of the
XMser tailless airplane has beei~conducted in the Lan&le-F
full-scale tunnel at the request of the 2ureau of Aeronautics,
NaVY Npartnent. Previous tests made of a l/6f)-scalemodel
in the Langley free-flight tw.nnelindicated satisfactor~
stability Aid control characteristics. It was considered
desirable, however, to detemnine the aerod+.marfi.ccharao-
teristlcs of the design with special reference to stability
and control at a larger scale and to estimate from these
data the flying qualitles of the airplane.’

‘ihigreport’~reseats the regultg of the testisshowing
the aerodmmmic characteristics of the model for a wide
raiie of firopeller-operatingconditions Tks effects of
elevator, rudder$ and aileron c!eflectfl.mon ti:!einoclel
forces and moments and m the coiltrol-surfacehi~e
moments were obtatned with an@e of attac’c,~uyjleof
yaw, and power oondition bei~ the l~ortant variable
narw:eters, Additional tegts included an investl~ation of
;he :~ro~regsionof the stall over the wi~ QS well as the
determination of the wi~~ profile dr~ by means of wake
‘mofile survey99

Cm the basis of the model test results, estimctea
of the flyinG qualities af the aimlane me being made,
and this information is to be pre9entad in a subsequent
report.
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COEFE?CIENTS ANI)SYMBOLS

--- .!,...- ,.,

The test data are “presented“asstandard NACA “ooef-
fl,clents of.forceq..#ndmoments. All data are referred
to the stability axes”which are def~h-edas a system”of
axes having their ortgln at the center of gravity. The
Z axis is in the plane of symmetry and perpendicular,.to
the relatlv$.wlnd.,mmthe.X axis is .Inthe plane of s~etry
and perpendloylq~ to the..Z axis, and:the Y “axisis perpen-
dicular to the plane of’s~etry. The positive direction
of forces and moments and control-surface deflections are
showh In the ‘sketchof figure.1.

CL lift coefficient (Lift/qS) -

Cx longitudinal-force coefficient (x/qs) ““

Cy lateral-force coefficient (Y/qs)

cl “rolling-moment coefficient (L/qs?l)

Cn yawing-moment coefficient (N/qSb) ..

%1 pitching-n.omenttoe:’ficient (ri/c@c)

“Cha aileroh hin~e-.momentcoeff’jcient (H~qba~a2~

c~ elevator hinge-moment coefficient (He/qbe6e2)

c+ rudder hinge-moment coefficient (Hr/qbr6r2)

c% section profile-drag coefficient

Tc~ effective-thrust coefficient (Te/qS) “

V/nD propeller advance-diameter ratio
. .

dCZ

K
rate of change of rolli~-uament caeffiolept with

aileron deflection

dc~

d6a
rate of change of aileron htnge-moment coefficient .

with aileron deflection



d~

dCy

~

where

x
Y
z 1
L
M
N 1
Ha

He

Hr
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. . ..

rate of ,Chwge of pitching-moment coefficient
with elevaior deflection .

“ rate of change of elevator hinge-moment coeffi-
cient with elevator deflection

rate of change of’yawing-moment coefficient with
rudder deflection

. .

rate of change of lateral-fopcs coefficient with
rudder de~lection

rate of change
with rudder

rate of change

of rudder hinge-moment
deflection

coefficient

of’yaw:ng-moment coefficient with—
angle of yaw

rate of change of rolling-moment coefficient with
angle of yaw

rate of change of lateral-f~rce coefficient with
angle af yaw

force along azes (where Z = -lift)

moment about axes

aileron hinge moment

elevator hinge moment

rudder hinge moment

..
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“DEWRIPTION OF AIRPLANE J1.NDMQOEL

. . .. .’

‘The Kaiser tailless airplane Is a projected all-wing
type mrgo-oarrying airplane. This airplane wI1l have a
span of’290 feet, a wing qrea of 7920 square feet, and a
design gross weight of 175s000 po~ds. It Is to be
powered with four engines of tractor Installation driving
ls-foot-diameter four-blade propellers. The important”
physloal and dtiensional charaotertstics of the airplane
based on model design are presented in table I. The design
of’the airplane provides for distribution of the ciargo
spanwlse In the wing along the 20-percent dhord line, thus
fixing the center of’ gravity approxlnately at this looation
for all.flight conditions.

The l/?-soale model of’the Kaiser tailless atrplane,
as tested In the Langley full-scale tunnel, is shown in
the ptitographs of f-e 2. A three-view drawing of the
model is given in figure 3. The model, which was supplied
by Kaiser Cargo, ~c., 1s of’all-wood oonstruotion. The
wing and control surfaces were painted and sanded to
remove as many of the oontour irregularities as possible
prior to the tests. The wing oonsists of two highly
tapered outer panels attached to a constant ctmrd,
0,21 span, oenter section. The airfoil sections are
nmdified NACA 6-series type with the rear 15 percent of
the trailing edge reflexed upward along the entire span.
A drawing of a typical wing OI?osssection is shown in
figure 40

The control surfaces sre oonstruoted of solid mahogaay
and include a oonstant-peroent-ohordaileron on the left
outer panel, a constant-ctird elevator at the center
section, and four vertimal surfaoes each located on a
nmelle center line with the.rtwlderhinge line looated
slightly behind the elevator tz%.ilingedge, The location
of the four vertloal surfaoes requ~ed that the elevator
flap be divided into five sep~ate sections; these seo-
tlons, however, were operated in unison. The blunt-nose
plain-flap type control surfaces were not sealed. The
control surfaces were not equipped with trimming tabs,
The general arrangement of the control surfaces -e shown
by the three-view drawing of figure 3 and sectional views
of the surfaces are given in figure ~. The oontrol
llnkages projected outside the skin line on the nmdel,
and in order to minimize the drag of’these protuberances,
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they were oovered by streamline fairlngs. Photographs
---- 0$ the falrings on the model are given in figures 6 and.,-.. .... ... .......:-

The model was powered by four 56-horsepower, three-
J

phas6 Induotloh motors whloh were looated wlthln @ wing
at the oenter sectiong Power to the four-blade model
propellers of right-hand rotation was transmitted from
th.4senmtors by dlreot drive throwzh extension shaf’tss
The nmdel was fiotequipped
naoelles had no cowl flaps

m?mIoDs

with lm-dlmg-gear and the
or internal duoting.

AND TESTS

!.
m

The lfi-scale model of the Kaiser tailless airplane
Is shown mounted for tests on the Langley full-scale
tunnel balanoe In figure 2. The model was supported by
the two main front struts ~d by two rear oables in
tension whloh were the means for ohanging the angle of
attack of the model. The full-scale tunnel and balance
equipment used for the tests are desoribed in reference 1,

To simulate the flight thrust-lift relationship In
the wind tunnel, a thrust calibration of the model pro-
pellers was made at a tunnel airspeed of about 60 miles
per hour with the model at the zero-lift attitude and
with all oontrols neutral, The ~ropeller blade angle was
maintained at constant setting of 17° at the 0~75 radius,
The effective thrust coeffiolent Tc~ for the model pro-
pellers was obtained from the dlff’erenoebetween the
propellers-operating and the propellers-removed drag
coefficients. The flight thrust-lift and torque-llft ourves
for a single propeller and for constant power operation at
sea level are presented in figure 8, The thrust-lift
variation was duplicated exactly by the use of the model
propeller blade an@e of’17°, but the torque-lU’t variation
was not in olose agreement,

The tests of’the lfi-soale model consisted primarily
. of elevator-, rudder-, and aileron-effectiveness tests at
zero yaw. Rudder and aileron tests were also made wi~
the model yawed to angles of approximately 30, *60, *10°,
and 150. Elevator, rudder, and aileron hinge moments were
obtained at zero yaw but only rudder hinge moments were
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obtained for tests with the model yawed. In addition,
tests were made to determine the lift, drag, and stalling
oharacterlstlcs of the model.

In order to facilitate the presentation of’the test
conditions and modal configurations, the information
concerning the several investigations is outlined in some
detail in table II. The speciiic information not given
in this table is included in the following discussion.

The stalling characteristics of the mocielwere
obtained by visual observation and photographic record
of the behaviour of wool tufts attached to the upper skin
surfaces and to vertical masts”dispersed at several dif-
ferent chordwise stations along the apm.

The wing and section prof’ile-drqzcoefficients were
obtained by measuring the wing wake at a distance of 0.25c
behind the trailing edge at numerous stations along the
span. The methods of analyzing the results of pressure
surveys to obtain profile-drag coefficients are presented
in reference 2.

Inasmuch as elevator deflection caused appreciable
changes in lift at a given angle of attack, it was not
feasible to run constant power elevator tests. The
propellersoperating elevator tests were made, therefore,
by the constant-thrust mathod in which several values
of Tc! are mai.ntalnedconstant over the range of ele-
vator deflections tested at a given an&le of attack. A
sufficient nu,mberof tkrust coefficients were used to
bracket the constant power thrust-lift curves given in
figure 8.

‘Therudder tests were made for the propellers-
windmilling, the normal-rated, the military-rated, and
the asymmetric power conditions. Tests with asymmetric
power consisted of three-engine operation at normal-power
with the ri~ht outb~ard propeller winchilling. Since the
effect of rudder def’lectioilon tihellft of tb.emodel was
negligible and since tke lift coefficient at a given angle
of attack did not vary appreciatdy with an~le of yaw, the
constant power Tc! versus CL curves “usedfor zero yaw
were employed for all rudder tests throughout the range
of yaw mgles teste~.

It was assumed that the pro~eller slipstream did not
affect the air flow in the region of the aileron. At
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zero aI@e. of yaw the al.lerontests w’eremade with pro- “
h pellws -removed,.Whereas.$o.r..t.qsts,with the .IUOdel yawed,

the propellers.were wln+dmilling.

The elevator-, rudder-, and aileron-ef’f’ectlveneas
and”hinge:-homenttests and most of the maximum lift tests
wer6 made at a tunnel airspeed of about 61 miles per.hour,
corresponding to a Re~olds number at standard con@ltlons
of’“about2,230,000 based on the mean aerodym.amicchord.

PRESENTATION OF ~SULT~ “. .;. .’ .“
..

The data are presented for the most part as variations
of force, moment, and hinge-moment coefficients with
control-surface deflection for a range of an~le of attack
at.a given angle of yaw. In some Instances, cross”plots
of the test results are given to s-howspecit’ictnends of”
the data with reference to the stability anticontrol char-
acteristics of the model. Tabulation of’the values of
force coefficients and the slopes of the farce and moment
coefficient curves are included .fa.rconvenient suminariza-
tion of the data. The results are included h the ~cl-
lowing sections: (1) lift, stall, and drag, (2) elevator
effectiveness and hinge moments, (3) rudder effectiveness
and hinge moments, (4) aileron effectiveness and hinge
moments, and (5) aerodynamic characteristics in yaw. “

All data presented In the report have been corrected
for ta$es and for wind-tunnel blocking and jet-boundary
effects by the methods DreSented in references 3 andh.
The pitching moments are based on the mean aerodynamic
chord and all moments are computed about a center of.
gravj.tylocated.at 20 percent of the mean aerodynamic
chord and on the thrust line. ,

.Lift, Stall, and Drag

“Lift.- The aerodynamic characteristics of.the model
with ~ellers windmllllng are given in figure ~ fdr
elevator deflectlons”of 10o; Oo, -15°, &nd -30°~. The
effects of propeller oneratlon, Reynolds number, and angle
of yaw on the aerodynamic characteristics of the model
with all oontrols”neutral are s-lmw~:in.flgures10, 11,
and 12,.respectively. For most of the conditions given
above, values of the maximum lift coefficient hnd the
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slope of the lift curves are summarized in table III.
.The lift curve slopes were measured at.lift coefficients
of 0.2 and 0.6 which correspomd”to approximately high
speed and cruising lift coefficients, respectively.

The maximum lift co-efficient,controls neutral, with
propellers windmilling Is about 1.07. For ~~i~ up.
elevator deflection (~e = -30°) the maximum lift coef-
ficient is decreased to approximately 0.98. The results
of figure 9 show fairly large chahges in lift resulting
from deflection of the elevator of this tailless airplane
design. Although the following condition Is not a trti
condition for high power at high lift, it is shown that
for the normal-rated power condition %sx is increased
to about 1.20.

The slopes of the lift curve, for the pro~ellers-
wintiillin and controls-neutral conditicr.,are approxi-

8mately 0.0 4 and 0.079 per degree for lift coefficients
of 0.2 and ().6,respectively. With the elevators deflected
“up 30°”these values are changed to approximately 0.087
and 0.073, respectively. The combined effects of the
normal force of the inclined propellers and the increase
in lift resulting from the additional velocity over the
center section of the wing produces an increase in the slope
of the lift curve to about 0.097 at CL = 0.2 and 0.098
at CL = 0.6 for propeller operation at normal rated
power.

For the range of airspeeds.tested, the scale effect
on the lift of the model is negligible for lift coeffi-
cients below 0.5. At lift coefficients greater than this,
however, there is shown some increase in lift with
increased Reynolds number, at least to 2,560,000”which
corresponds to the test airspeed of 7CImiles per hour,
The effects on lift of’yawing the model are net large for
the yaw an le ran~e tested except that, for an angle of

tyaw of 15. 0, there is shown an increase in the slope of
the lift curve at high lift coefficients.

Stall.- The results of tuft tests made to determine
the progression of wing stall are shown by the sketches
of tuft studies in figure 13 and by the photographs in
figure 14. The first departure from smooth”stre~ flow
over the wing is shown by the pronounced inflm which
occurs along the trailing edge of the outer panels-at an
angle of attack of about 90 (cL = 0.7). ‘WitY~increased
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more severe
an angle of

11

and dis-
attack of

angle of’attack this Inflow becomes
& ,, tu~bed with separation oo&ring at

about 130. At this attitude, the aftiost-verticaimhst
located about midspan at 0.75c showed very turbulent air-
flow extending in depth to about 5 inches above the wing
skin line. “

The wing stall progressed forward approximately along ‘
a constant chord llne of the outer panels as the angle of
attaok was further increased”an~when the outer panels
were stalled ~(u = 19.50), the flow at the wing center
section was relatively undisturbed. The restriction of
the pattern of rlow breakdown primarily to the outer
panels is attributed to higher velocity air flow in the
region of the vertical surfaces and to the restriotlon
of the Inflow ~rom the outer Danels by the two outer
vertical surfaces. ?ropeller operation at high thrust
coefficients had little effect on the stalling character-
istics of the outboar@ panels, but the slipstream did
retard the tendency for trailing-edge separation at the
center section at ‘highangles of attack. The force test
results of a maximum lift investigation (fig. 15) shows
nearly a constant value of maximum lift coefficient over
a range of angle of attack and then a gradual loss in
lift at the angles of attack vast C~u,

Profile .drag.- The results of the wake-survey
measurements made to obtain an estimate of the nociel
profile-drag coefficient are presented in figure 16 as
the variation of the product of the section-drag coeffi-
cient and section chord Cd=C with spanwise station.
Similar results are given in figure 17 for the survey
made behind one vertical surface. Several local increases
In c% along the wing span are shown to be produced by
the wakes from the fairings used to cover the control-
surface push rods and hinge bracketsf There is also
evidence of.,inte~ferenceand a drag increase at the base
of the vertical surface caused by the control falrlng
(fig. 17). The total profile-drag coefficient of the
model, with propellers removed,“as obtained by the momentum
methcd Is estimated to be about 0.0130. The complete
influence-of the nacelles on the atr flow at the center
section and.other local disturbances are believed””notto
be inciuded In this esttite.. ‘ “

“,. . :.m

. .
. .

. .

.
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Elevator ~fectlveness and Hinge Moments

The r“esultsof tests made “to detehmine the effectiven-
ess of’the elevator and the elevator lx!mgemoments with
the propellers windmllllng and operating at various thrust
conditions are shown in figures 18 through 21. These data
are presqnted as variations of CL, Cxs h, and C&
with eleva”tordeflection for severdl thrust coefficients
at a given angle of attack. The values d the rate of
change o“fpitching-moment and elevator hinge-moment coef-
ficients with elevator deflection d@d5e and dC&/d5e,
and elevator hinge-moment coefficient with angle of
attack, dChe}da measured at. 5e = 0, Are” given In
tab”le“IITfor the wlndmilling propeller and for the norinal-
and tiilita.ry-rated~ower conditions. i~iththe propellers
windmilllng,- dC~d~e iS about -0.0025 “perde~ree in the
angle-of-attack range from 2.4° to 8.~o.

The reduction of the effectiveness parameter
to -().~O16at higher angles of attack is due mainly to
separation over the region of the elevator. The elevator
effectiveness Is materially Increased for the high power
conditions. “Withrnilltary-rctedpower, d~/d5e
is -0.0034 at a = 2.~Q and -0.006Q at a = 12.7°.

Similar effects of propeller operat~on are shown for
the hinge-moment parameter, t~&/d5e , which increases
from about -0.0667 to -0.0105 per degree at a= 2.4o -and
from about -0.0070 to -0.0200 at a = 16.50 as a result
of changing from wlndmllling propellers to nllitary-rated
Dower.

Viiththe propellers windmilling, dChe\da is negative
for all angles of attack and decreases from -0.0032 per
degree at u = 2.40 to -0.0025 e.t a = 16.50. Eowever,
for propeller operation at normal-rated power there is a
marked change in the variation of dC&/da QS the angle
of attack Is increased. The hinge-moment parameter is
about -0.0040 .~erdegree at a = 2.)+0, 0.0060 at a = 6.oo,
and zero at a = 16.5°. The values For military-rated
power are slrnilarto the normal-rated power condition and
show the ssinevariation with angle of attack.

The test data have been cross-plotted in figures 22
and 23 to show the variation of ~ with CL, elevator
fixed and free, for the windmllllng propeller and for the
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oonstant normal- and military-rated power conditions. The*. ““‘“”““staticIangttudinal stability of the umdel, elevqtor ~ixed,
as measured by the slope of the pftching-moment curve,”
d@dCL (fig. 22), is not materially “affectedby”propeller
operation a“tthe lower lift coeffic~.ents. The averagb
slope of the pitching-moment curve, for & = 00”,.between
lift “coefficientsof about 0.2 and 0.8 j.sapp~.oximately-0.1
for all power conditions. There Is:a rroti.ceablpIncrease
in the static longitudinal stability due to propeller “.
operation at the higher lift coefficients that probably
results from the Improved flow condlttons at the wing
center section. Elevator-free statio longitudinal sta-
bility Is shown by the stable slope of the pitcmng-moment
curves for .c& = O in figure 23. The reduced slope of
the curve for the wlndmllllng-propeller condition at the
M@kr lift coefficients indicates a decrease in “the
stick-free stability at low fli~kit speeds.

Rudder Effectiveness and IHilge Moments

The effects of rudder deflection at z~ro yaw on the
&erodynamtc characteristics of the model and on the rudder
hinge momenta are presented In fitigures2!+and Z5 for the
four power conditions listed in table TI. For-purposes
of comparison, these data ae gurmnarizedin table V “by
the slopes of the yawing-moment, lateral-force, and hinge-
riom.entcoefficient curves w.easuredat ar = OO. The
results of the rudder tests mada &t tinglesof yaw of 30,
*6°, flOO, and 150 ~~ere fount to give rioappreciable
variations in effectiveness fro:;tlie zero-yaw data.
Curves showing these test results therefore b~ve not been
presented; however, summary curves skmwing the variations
of dCn/d81T, dCy/d5r, and dChr/d5r with angle of yaw
are presented in figure 26 and the values of Cn, Cy,
and Chr measured at ~r = CO are given in table VI.

It Is skwn that the effectiveness of the rudder
(dCn/d6r) Is lower for this tailless airplane than nor-
mally found for a conventional design, but the side-force
variation (dCy~d~r) is shown td be nor~lal. The
rudder parameters are Increased, as expected, by pro-
peller operation. For the condition with wind-
mllllng propellers dCn/d5r Is -o.000~, dCy/d~r
iS 0.0025, ~d dChr/dbr is -0.0050, per degree
at a= 4.20 and these values are not materially ohanged
throughout the angle-of-attack range. In Gomparlson, for
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the normal-rated power cond%tlon, dC&dbr Is -0.00030,
dCy/d6r iS 0.0031, and dChr/d6r is -0.0054 per degree
ata= 42° and these values Increase to -0.00043,
0.0042 aid -0.0089, respectively, at .anangle of attack

4of 12. 0. The results of figure 26 show @ general
relatively small changes throughout the range of yaw
angles tested of these”values given for zero yaw.

Aileron Effectiveness and Hinge Mcments

H The results of the allerc)neffectiveness and hlnge-
moment tests made for a range of an~le of attack from 2.)+0
to 16.4° with the model at zero yaw are presented in
figure 27. The data obtained at angles of yaw of about i60,
flOo, and 150 for angles of attack of 2.40, 6.1o, and 12.60
are given In figure 28. The slopes of the rolling-moment
and hinge-moment coefficient curves, for &L = 09, are
presented in table VII. There is an increment of rolllng-
monent coefficient shown in the curves of figure 27 ror
zero aileron deflection with the .rodelat zero yaw.
Inasmuch as the model is considered a symmetrical con-
figuration with the propellers removed, the increment in
rolling-moment coefficient is believed caused by unsym-
metrical tunnel air flow along the span of tke wing, and
perhaps by some dissymmetry in the mo~el itself.

The aileron effectiveness, dCt/dbaL, for a sin~le
ailerOn, measured &t %T.

= 00, is tihmt 0.W21 per
u

degree at q = 2.ko and decreases to about 0.0015 at
a = 16.1+~. The loss in aileron effectiveness with
increasing angle of attack is prabahly associated with
the win6 trailing-edge stall mentimed :3 an earlier sec-
tlan of this report. It is n~ted that far ailsmon deflec-
tions above 12° the effectiveness paraceter Is nearly .
one-half that f~r small aller~n deflections in the low
an&le-of-attack range. The value of CiCZ/d5a~ for
deflections greater than 12° is continl:ously~ecreased
as the angles of attack are increcsed, sticlzthat dC1/U6a~
is reduced to O at a = 12.6~ anL th~n becomes a negatlv;
value at greater angles of tittack. This rapid loss in
control“effectivenessoccurring at the high aileron
deflections is attributed
control surface stall and

to the combined effects of
traill~-edge separation.
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The value Of dC~d8aL at an “.a Of 2.4° IS about
-- -O..OICIO,per.,degre,ew&nddecreases to ab~ut -0.0059 at &

angle.of attack of I.6.~~-.-Th6 d~fe”’~tof “yawingthe model.
. tp an angle of.15.4° is to reduce @OZ/daa by appruxl-
mately,O..0003..

..

The”yawing”-momento~effieient resulting from aileron
deflection is In ~eneral small for this” tailless atrplane
except for”the maximum d.eflectlonof’the.ailerons.at.high
angles of at~ack. . .

Aerodynamic Charaoterlstlcs in Yaw

For the determination of the characteristics of the
model In.yaw, the results of the rudaer tests have been
cross-plotted against angle.of yaw for rudder-fixed ahd
rudder-free conditions. The variations of Cn, Cy, and
Cz with a~le of yaw, measured for ~r = I)”,hre presented
In figu”re29 for all propeller-~perktlng contltiuns.
Similar data, ~.easuredat Chr = b, ~are Given in figure 30.
The variation of lift coefficient with angle of yaw is
shown for all conditions tested in flgu.re31. A summary
showing the slopes of’the yawing-iiloment,rolling-~,ioment,
anti-lateral-forcecoefficient curves, measured at ~ = Oo,
is presented In table VIII. The rudder-fYee character-
istics are not summarized in table VIIT, but are essea- .
tially the same as the rudder-fixed results. .

The directional stability parameter dc~~. iS “ “

approximateely -0.00045 per degree for the concltlons
tested which is abo”utone-half the value generally desired
for.satlsfa”ctorydirectional stability char+cteristlcs
(referenoe 5). There 1s, in general, little effect Or
propeller operation on the directional stability parameter
.eXoept for the’asymmetric power condition where there is ,
a greater Ihcrease In “dC~d~ with Increased thrust “
coefficient. The dihedral effect is shown ta be low in
comparison with conventional airplane designs; the value “
of “dCt/d~, per degree, ranges”from”O to smut 0.00032
for th6 angles of attack”and power conditions tested,,.
Thb effective dihedral.angle, ror most canditlons, Is .“
estlniatedto be about 10. The lateral ~~rce parameter,’
dCy/d~, per degree, is”pdsitlve for all conditions tested
and has values ranging from-about 0.00 .5for ‘~indmillin~
propellers at “a= k6.10 to about 0.00 7 for normal-rated
power at a = 10.60.
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A comparison..ofthe yawi.n&moment coaff~clent curves
of the normal-rated and the asymmetric power conditions
in figure 29(b) and 29(d) shows that the reduction In
power of the right outboard engine causes a considerable
reduction in the negative yawing moment. The co~.iguration
of asymmetric power having the left outboard propeller”
windmilllng and the remaining engines running at full
power was not tested, but computations ~how that this type ~
of propeller operation would produce about an equal amoutit
of yawing moment in the opposite direation and therefore
would be the most criiical condition to trim-directionally,
especially at the low flight speeds.

“SUMMARYOF RESULTS .

The following results are summarized from the
Langley full-scale tunnel tests of the l/7-scale powered
model of the Kaiser tailless airplane.

1. The maximum lift coefficient with propellers wind-
milling and controls neutral Is about 1.07. This value
of C~u is decreased t.o0.98 ”forthe.maximum up-elevator
deflection of 30°.

2. Wing stall occurs first at the trailing edge of
the outer panels and progresses forward approximately
along a constant chord Mne. At an an~le of tittack
of 19.5° the outer panels are nearly completely stalled;
the flow at the center section of the wing, however,” is
relatively undl’sturbe.dat this angle.

3. The yrofile-drag coefficient of the model (pro-
pellers removed) as determined by the wake-survey momentum
method, is estimated to be approximately 0.0130.

4. The elevator effectiveness, mopellers windmilllng,
la essentially a constant value of -0.0025, per degree,
at low and moderate angles of attack. At an sngle of
attack of 16.4° the elevator effectiveness is reduced
to -0.0016. The e~fects of’propeller operation at high
thrust coefficients materially increases d~/d~e to
about -0.0060 at a = 12./+0. Similar eff’ectsof propeller
operation are shown for the elevator-hinge-momentpara-
meter, dChe/d6e, which ranges from about -0.0067 (pro- “
pellers windmi.llingat a = 2.ko) to about -0.0200
(military-ratedpower at a = 16.5o). The rate of change

. .
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of elevator hinge-moment ooeffiolent.w~th angle Qf’attack
-.. (with.propellers windmllling) is essentially a oonstant

negative value averaging a?ioht~’0;002&bver the range of
angle of attack.. A marked ohange in this relation Is
caused by high power operation, such tbt dc~da changes
from -0..@.O.at a.= 2.40 to 0.00060at a = 6.OO and to ,
about O at a = 16.50.

5. The pitching-moment results show that (for a center
of gravity located at 20 percent of the mesn aerodynamic
chord) the model is statically stable longitudinally,
controls fixed and free ‘exceptat very high angles of
attack with windmilling propellers.

‘6, “The“rudderel’fe.ctivenessdC#d6r for”this tail-
less airplane 1“slower th~ normall found for a conven-
tional design.. JThe value for .dC d5r is about -0.000*
per.degree throu~out thb an~le-of-attack rarigewith pro-
pellers windnllling. The effect of,propeller operation
at high thrust coefficients id to nearly double the rudder
eff.ectiveaessnarzmeter to a valuq of ~C).00043at an a
“of 12.4~. The value for the rudder-hinge-moment pamimeter .
dChr/d6p ranged from about -0.0CJ50to -0.00&9 per degree
for the range of propeller operation tested.

7. The aileron effectiveness dCZ/dba measured for
a single aileron in the low-deflection range, is about
‘0.0021per ’degreeat a =z2.4Q and decreases to 0.0015
at a= 16.4o. At low angles of attack, aileron stall
materially reduce? the control effectiveness at deflec-
tions above about 120. At high angles of attack, and at
large aileron deflections the combined effects of aileron
stall and separation along the wing trailing edge produoes
a reversal in the slope of the rolling-moment coefficient
curves. The aileron hinge moments also reflect the”
undesirable flow characteristlos over the ailerons for
large aileron deflections at high angles of attack.

8. The aerodynamic characteristics of the model in
yaw show that the average values of the directional sta-

dCn
billty parsmeter ~ ~ 0.00045, for the large range of

angle of attack and power conditions tested, are oompara-
otively lower than those for conventional airplane designs.
The dihedral effeot is small and corresponds approximately
to an angle of 10 for most conditions investigated. The “

.
..
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lateral-force.parameter dflyi~ has.a positive wiue for. . . . .
all c,ondltlonstested. “ ..

,

fin~ley Memorial Aeronautical Tflboratory
National Advisory Committee for Aeronautics

Langley Field, Va.
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TABLE I

m. .s,.., FIIYBZCALMD DIMENSIONAL OHARAOTERISTICS OF THE

KAISER TAILLESS AIRPLANE EASED CM ~

lfi’-SCAIJ?MODEL - Conoluded

Vertioal tail:
Total sma,squarefeet .,...~.~..~. ~wo
Rudder mea aft of hinge line, square feet,

total . . .. O.OO ..@OOOp.O-.~ 267
Rudder balanoe, peroent . . 0 . . ● . . ● . # ● =05
Ver:~g;l tail height above wing tralllng edge,

● ooe 19.82
Root-mean-;q;a&Or&l;e; &r&,”f;e& t 1 ● ● ● ● 3.02
Hinge line, percent of fln ohord . . . . . . . ~ . 70
Maximum deflection, degrees . . , , . C c . ● . ● *3O

Propeller:
Deslgnatlon . . . . . ● . . HanUton Standard 649U-O
Diameter, feet . . . . . . . . . . . . . . . ,

z
15,16

Nuniberof blades .~a~.a~ .m*mm.* ●

F&opeller gear ratio’ . . . . . . . . . . . . . 0.45

NATIONAL ADVISORY
COMMI~EE FOR AERONAUTICS

nnl-mm —- ■ ---m.mm.-—m.m—. - - ----
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TA13LE1
.,...

PHYSICAL AND DIMENSIONAL CHARACTERISTICS OF THE

KAISER TAILLESS AIRPLANE BASED ON THE

Dsstgn gross weight,

Wing;

l/7-SOALE MODEL

pounds . . . . . . . . . . 175,000

Area, square feet.... .m. .m ..7920.7920
Span, feet. . . . . . . . . . . . . . . . . . . . 290
Mean aerodynamic chord, feet. . . . . . . . . . . 27.3

Location aft of root chord leading
edge, feet. . . . . . . . . . . . . . . . . .1.7

Aspect ratio. . . . . . . . . . . . . . . . ...10.
Taper ratio . . . . . . . . . .

k

Root section ~ modified with tra~l~n~ I “N;C~ :3;4~6%
Tip section ‘ edge reflexed upward. . lfACA65,3-o18
Dihedral, out~r nanel, degrees. . . . . . . . . . 1.7
Wing twist, degrees . . . . . . . . . . . . . . . . 0
Sweepback of 20-percent chord line, degrees . . . . 0
Wing loading, pounds oer square foot. . . . . . . 22.1

Aileron:
Are~ aft of hinge line, each, squdre feet . . . . 277
Aileron balance, nercent. . . . . . . . . . . . . 15.4
Span, feet. . . . . . . . . . . . . . . . . . . . .90
Root-mean-square chor3, f’eet.. . . . . . . . . . 3.$
Hinge line, percent of wing chord . . . . . . . . .
Maximum deflection, degrees . . . . . . . . . 10, -30

Elevator:
Area sfftof hinge line, square feet . . . . . . . 193
Elevator balance, percent . . . . . . . . . . . . 12.7
Span, feet.. . . . . . . . . . . . . . . . . . . 48.2
Root-mean-square chord, feet. . . . . . . . . . . . ~i
H1.ng6line, percent wing chord. . . . . . . . . . . 90
Maximum deflections, degrees. . . . . . . . . 10, -30

NATIoNAL Jmnsmw
COHMITTEE FOR AERONAUTICS
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Tab/e IU

Jumm ary of ~ ..d ‘%j~
mox

I t?ropel/er~
wnd’mIlliog lo

1) I o

II I-/5

I #l I -30
u 10

I //
I //

I ii

Mi”/i iOPy mted
power

1)

o I /.12 10.084

fl
I /,08I . 0(94

*

6,3 I j.O& I .086

*

ol- 1 .097

0 I - I .097

0.084

.075

.075

.07.$

.080

.072

.077

~08(7

.098

.098

NATIONAL ADVISORY

COMMITTEE FORAERONAUTICS
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d
(deg)

2.4

3.3
+2
6.0
8.8
/2.7
/6.3

TABLE W

“0.0024

-.0025
-.0025
-.0027
‘.0024
-,00/6
‘.00/6

AMP M*RP P&l/

‘0.0033-0,0034-0.0067

-.00S’4-.0035 -,0064
-.0036 -.0038 -.0062
-.0044 -.0045 -.0039
-.0047 -.0049 -.0064
-.0054 ‘,0060 -,oo7t9
-.0052 -.0052 -.0070

ALfv?

0.0/03
-.0/07
-.0124
-.0/40
-.of65
-.0/86
-.0/90

N. R!?

o. 0/05
-.0//3
-.0/30
-.0147
-.0/75
-.0200
-.Ozoc

‘O.0032
‘,0032
-.0(230
-.0030

-.0030
-.0025
-.0025

PAR

0.004G
-.0030
.0025

.0060
,00/0
o
0 1

Me@f?

0.0035
-.0035

,0010
.0070
.0025
.0025
0 z

o.

NATIONAL ADVISORY
COMMITTEE FOA AERONAUTICS
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TABLE .37

7-e s. t
Con dI fion

PPOfe//er

win dkvwing

R7fed Power

/%A%27/-L/
fi7tedPower

OL
@s-
4.2

5.6

7.9
10.7
/6.4

2.4
4.2
5./
7.8
/2.4

8.7
/2.’4

4.2
6.0
/2.5

4&2@
per deg

-0.00024
-.00022
-.00020
-.0002/
-.0002/

‘O.00027

-t00030

-~0(7032
-,00038
-.00043

-a00039
-.00044

-0.00028
-.00030”
-.00033

0.0025
,0024
.0023

.0023

.0020

0,0027

t003’/
80033
~0039
.00+2

0.0039
.0044

(20027
.0029
-0034

NATIONAL

-0.0050

-,0055

- ● 0055

-.0060

-.0060

-0.0045

-.0054
-.0060

-.0072
-*oo@g

-0.0079

-.0092

-0.0052

-.0057

-* 0070

ADvISORY

COMMITTEE FOR AERONAUTICS
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TABLED

Power
C&k-J%

x
i

CL
(ifeg)

6. I

8.8

/+5

2.4
3/
/0.6
6.9
/2.4
42
6.o
/2.5

C’ I Cy I c~,
9.0040~-o.o+ 0.0026

,0043/ -.o+uq .003C

.oo30~-.054(j.0040

.00501 -.0.525/ -.005C

~.-6,4°

t

0.0022 0.0280-0.002(
.0025 -.0300 0

-.0003 -.0540 —

.0023 -.0290-.00?0

~

C*
-0.00/?

-.00/3

-.00/3

-.0020
‘.0026

-.0043

-.0033
-.0053

-.00/2

-. 00/4

-.oofo

=3.3”

KIK_
0.0/40-0.002(

.0/201 -.005C

*
.0/971 -.0075

-H-=
.0/90 -.0120
,00701-.0/50

.

z
o
.

powcr; A.P = Asymmetric power.
I

NATIONAL ADVISORY
COMMITTEEFORAERONAUTICS



1,-5;1

TABLE ~ - CONCLUDED

A.P

I

OL
(deg)

6/

8.8
14.5

2.4
5.I
/0.6

6.9

/2. 4

42

6.0

/2.5

V=6.3°

c. Cy c&

‘0.0030 0,03/0-o,0/50
-.0030.0260-,0/20
-,0025.0250-.o/3G

-.0035.0353-.0/70
-,0040.03?0 -.0/80
‘.0063 .0370-,025C

-.0045.0365-,00?0
‘.006S.0270‘,0/80

-,0023 .0335 -. 0/30

‘.0025 .0340 -. o/2c

-.002s .0215 -. 0)00

(u= /0.6° I w=/5.4° I
cnlcylc&[cn

--l--+---l---,0050 ,042 ‘. 0170 ‘.oo73

-.0049 .0575 -.02/0 -.0072

1

-,0052 .0560 -.020 -.0083

-,0074 .0580 ‘.02’60 -.0092

I‘. 0065 .06/0 -.o~oo -.0085

‘.0085 .0580 -.0300 -.0/07

.07/01 -.02901

I. 06/0 ‘.0260 I
,0840 ‘.0270

.0960 ‘,0380

./080 -.0530

.0904“.05001

NATIONAL ADVISORY

COMMITTEE FORAERONAUTICS
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TAEME=

9/

W;ndin;Ihhg

/Mofma/ ruhd

pOwer

power

A sjmmviv’c
power

6, I

68

/45

244

5/

m6

6.9

/2.4

’42

6,0

/2, 5

——

dc~/~ p

her de9)

-a C90iwv

-. 000+0

-.00042

-o. m4c

-. Dm4z

-. (90042

-000043

-. CD048

-0,00035
-.oom5
-,000s2

&er deg)

o*00022

00022

Ooosc

0.00027
.000/7

.00032

(200027

, om32

0’. Ow

. (9045

.0046

(20049
t0054
.0067

0.0060

,0064

0.0054
.00s7
#0062
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Figure l.- System of axes and control-surface hinge moments and
deflections. Positive direction of forces, moments, and angles
are indicated by arrows.
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(a) Three-quarter front view.

Figure 2.- The $-scale model of the Kaiser tailless airplane mounted for tests

in the Langley full-scale tunnel.
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(b) Three-quarter rear view.

Figure 2.- Continued.
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o
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(c) Side view.

Figure 2.- Concluded.
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figure 4.- A fyf ttol cross - Jecfionol view

the /kai5er 7iai/es5 oirphe.
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Rudder

-715+cq+4 ~=o./5c ●

-––
L!’16

I Aileron

NATIONAL ADVISORY
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figure 5.- ~picol Cro55-5ecf~ona/ view~ ofl%econiro/5vr foce5
ins+olled on the P7- sea/e model of }he ka(>cr tui//es.s

airphne.
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Figure 6.- Rear view of the model showing the fairings
used to cover the elevator and rudder con~rols.
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Figure 7.- Detail view of the wing showing the fairings
used to cover the aileron controls.
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Figure 9.- Effect of elevator deflection on the aerodynamic characteristics of the model.

Propellers windmilling; Fia,OO; 6=, 0°: V, approximately 61 mph,

1 1 ,,,,, ,,, ,,.,,,,,,,,,, .,, .,,,.,, ., . , (,,.——-—- ,,-, -., , , ,
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Figure 10.- Effect of pro?eller operation on the aerodynamic characterist-ics of the model,
Controls neutral.
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Figure 11.- Effect of test airapeed on the aerodynamic characteristics of the model. Propellers
‘removed; controls neutral.
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Figure 12.- Effect of angle of yaw on “the aerodynamic characteristics of the model.
Propellerswindmill ing; controls neutral; V, approximately 61 ~ph.
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Figure 14.- Photographs of the progression of stall over the semi-span of the

~-scale model of the Kaiser tailless airplane. Propellers removed: controls

neutral: V, 61 mph.
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controls neutral; V, appr0ximately-61 mph.
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Figure 16.- Variation of edoc along the span of the model. Propellers remcved;
V, approximately 84 mph: CL, 0.02,



Figure17.-Variationof Cdoc along the span of a verticalsurface. Propellers removed;

V, approximately 84 mph; CL, 0.02.
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Figure 18.- Variation of c~, Cx, and Cm with elevator deflection.

Propellers windmilling; Sa, OO; 6=, OO; Te’, approximately -0.01.
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Figure 18.- Concluded.



Figure 19.- Variation of Che with elevator deflection. Propellers windmill ing; sa~
~o; ~,r,~o;

T=’, approximately -0.01.
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Figure 20. - Varlatlon or oL, cx, ma Om ti% el~~r defleCtlOn fOr a =wo Of

thrust coefficients and mnglss of at=ck. 8a. 0“; 6r, O“.
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Figure20.-,Con~imod.
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Fi@re20.- 00ntlnued.
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Figure 20.. c~ntlnuea.



MR No. L6C13

Pigure 20.. oontim~~



MR No. L6C13

I I 1 I I

Ii-
v , >–“ —.

q’,
I I lj&cJ_+lI !’!rhl, I

I ‘[!’’iiiiii’i]=!=1
—

till ~- ‘ -“‘c‘vq-?’‘(,’ ‘- ‘ -‘-

~_..l- L

. — . .- — ),— -L —- —.-:‘ ‘M
Fi@e 20.- Concluded.



MR No. L6C13

. .
I I I 1.I I,..I I I I I 1’1I I I I I I 1’I I 1.1 ! ,,; U

i,,, 1 1 [ I I 1 1 I ! 1 1

Flgure 21.- Variation of ~ with elevator deflection for a range”of thrust ooefflolentc
e

and angles of attaok. ba, 0°: J&, OO.
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Figure W. - &mtinue&
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Figure 21.- Continued.
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Figure 21. - Concluded.
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Figure 22. - Variation of cm with CL for a range of elevator deflections and
power condition. Sk, 00; 8=, 00. Elevators fixed.



Figure 23. - Variation of Cm with CL for a range of power conditions, Elevator free.
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[a) Propellers windmilling.

Figure 24,- Effect of rudder deflection on the aerodynamic characteristics of the model for varied power conditions,
+, ~o; ~a, ~cl: se, ~..
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(bl Normal-rated pOWer,

Figure 24.-Conti””ed,



(c) Military-rated power.

Figure 24.- Continued.



(d) A6ymmetr1c power.

Figure 24.- Concluded.
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Figure 25.- Effect of rudder deflection on the rudder hinge-moment coefficients for varied
POwer conditions. +, 00: Sa, oo; Se, ~o,

I
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Figure 25.- Concluded,
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(a) Propellers windmilling.

Figure 26.- Effect of an le of attack
~ch

and propeller operation on the variations of
dCn dCY
~r,~,and ~ , with angle of yaw.
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[b) Normal-rated power,

Figure 26.- Continued.
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Figure 26.- Continued.
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[d) Asymmetric power.

Figure 26.- Concluded.
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Figure 27.- Effect of aileron deflection on the aerodynamic characteristics of the model, Propellers removed; $, 00: “e, OO; ‘“r, OO.
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Figure 27,- Continued.
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Figure 27,- continued,
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Figure 27.- Concluded.
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Figure 28.- Continued,
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(b) +, 10,tjO.

Figure 28,- continued,
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(d) +, -6.4°.

Figure 28.- Continued,
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(e) +, -10.6°.

Figure 28,- Concluded.
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(a) Propellers windmill ing.

Figure 29.- Variation of Cn* CY. and c1 with angle of yaw for varied power
conditions. S=, 0°: Sa, OO; Se, 00.
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(b) Normal-rated power.

Figure 29.- Continued.
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{cl Military-rated power.

Figure 29.- Continued.
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(d) Asymmetric power.

Figure .?9.- Concluded.
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[a) Propellers windmill ing.-

Figure 30.- Variation of Cn, Cy, and Cl for Ch = O with angle of yaw for varied

power conditions. % 00: se, OO.
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(c) Military-rated power.

Figure 30.- Continued,
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(b) Normal-rated power.

Figure 30.- Continued.
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[d) Asymmetric power.

Figure 30.- Concluded .
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Figure 31.- Variation of lift coefficient with angle of YEW for a range of a“gleB
of attack and power conditions.
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